Climate Change Research Letters S{EZE{LHT T AR, 2025, 14(4), 779-791 Hans Xt
Published Online July 2025 in Hans. https://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2025.144078

PRt X KPR /2 RS B S 3L A

X ER, EBA, X, FRE
DR EY SN ENE N E o A L 4

E2

Wk H . 20254F6 200 A ER: 20254F7H21H; KA HM: 202547 H29H

=

#HTF1957~2017EFURFHIX S FZ M FERE, FFH L&k Pearsonti< i K% A Mann-Kendall
R, BRSO T Z XA EES KN S0 MEA R ME T, £RERH: (1) WHHAREE
X FE R BERTED-1.14 MJ/m2FEE TR, BTREEAEE, KHBENRERZTHFENRZ
19954F, (2) FEREHLX A PR SEH N R RIS B KMHEN &R, FHENN1476.51
Mj/m2, FZFERZ, FHERN1416.61M]/m2, XFT5TH, FIMEN861.83 M]/m2, (3) FARIHLX AFH
BIESE A GERDATE R RS, FMHEA6880.06 MJ/m2, EMEERAREEEE. (4) B=EN
AHBESNEHEERK, EEZAMHRG HREXAKARESE, EERZEAMG RILENEWER
B/, EREZEEEIEMRX.

K217

KHBES, BB, KKREE, HEHKX

Study on the Spatiotemporal Variation of
Global Solar Radiation in
Southwest China

Zewei Liu, Shujie Yuan, Yiwen Shi, Chengzheng Mao

School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu Sichuan

Received: Jun. 20", 2025; accepted: Jul. 21%, 2025; published: Jul. 29t 2025

Abstract

Based on meteorological observation data from 1957 to 2017 in Southwest China, this study analyzed
the spatiotemporal distribution characteristics of solar radiation and its influencing factors using
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linear regression, Pearson correlation analysis, and the Mann-Kendall mutation test. The results
indicate that: (1) Annual total solar radiation decreased at a rate of —1.14 MJ/m? per year during the
observation period, though this declining trend was not statistically significant. An abrupt change oc-
curred in 1995. (2) Monthly total solar radiation exhibited a unimodal variation pattern. Summer rec-
orded the strongest radiation (average: 1476.51 MJ/m?), followed by spring (1416.61 MJ/m?2), with
winter having the weakest (861.83 M]/m2). (3) Spatially, total solar radiation was highest in western
regions (average: 6880.06 M]J/m?) and gradually decreased eastward. (4) Total cloud cover exerted
the strongest negative influence on total solar radiation, showing a significant negative correlation.
Atmospheric water vapor mass demonstrated the second strongest significant negative correlation.
Visibility had the weakest impact, exhibiting a significant positive correlation only during summer.
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KPHAR S R A AR RS AR, E BN R R, R RAMAERGETE L KR FAR A
NAI[L], PHUILIRA R IR FRKEVIRIEN L Rl J LTk, 2 NRIE )3 800 K5 J it
ARSI, T K BHAR S R AR T B AR 2] o A ST M T K BH R S AR A AU B T AR DX SRR
AT AR A S, 1T HALA B T3 e NG SRR . [RIRE,  OKBH R B URAE N —Fhig v
Toi5 g o] A RRYR, HOBCETREIRT K IE, 15RO REVR G T T 52 B4t 2 1)) 72 0 [3] [4].

AT K PH SR S B 2 ) AR JR T 7 R AT . 20 4l 60 AEAR 2] 80 AR H 1, HhERIR T 1)K
FHAR ST P55 4 T B 0.32%, A\ 1983~2001 4F i BRZE [ 1)K BHER S P34 8 4F 7t 0.1% [5] [6], FFHILM
TR ) AR FARMILRT] [8]. B RAN . ZEBESCEEWT AU, FRE CABRE” By AR
557 I TG4 i 1989 4 [9] [10]. bk, A3 432 B %k vl [ 90 Bl A O PR 4 S R AR B AR AL gk 4T 1 4
Hro BREMEXT 1957~2000 4F Hb [ b i K BHERSPARBLHEAT I L [11] A58 NBFE 13 50 FFZR AL IX 1
THI K P 56 AR A0 B R R o0 AT [12] o SEAA R 9T 7 7 b i X R BH AR 5 B 2= AR AL R AE [13] . R AT AR T
1960~2009 4] 78 2 JBR 2R 3505 A FH 4 5 A8 A A A R BH e DRV AR F 0 A [14] o 52 4ttt gl . M SR AT 2% 1
(YRR RS2, A [R] DX 35 1) K BH A S B 2 BRI AAE — 8 22 57

Ph R b X S 2 2, ik R B O e R BT K = St AN 1 . DY E
Hb R BRI SR, Bt JEOR R IR S, E R R R A, SRR, EEOAEEAR
¢ o AFF 55 75 P b DX O BH S A S0 BRI 2 AR A RUARE, 0T 48 1 DX AR A A . Al s B IR IP A 550K
FHBE S5 R A EZAEH .

2. FNETE
2.1, #8t

Wik 1957~2017 4 [k AR S H SRS, ZBURRIET RS GUR TR PO =, 8
BE U BERLARUE T NOAA (3. [ [ S AR U 3R R AT HR3E H B, /KRS B B0RRIET NOAA K
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ATHIZE A EdE . o8 T TR SURRH SR S e A 2 AR a s, AU E e R R 2 EXS U R
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20, B3k
PR L DS HR A3 A A AR BB, T SR I M A IS SRR A b0, A R B P R
AP ST, AT T A 493 (AR 5 S 5 FTHRRT 5 So 10 EL 65) RS 2 S50 (F R 4RAT Q 15

FSCHES Qo I ELAE) 2 [ £ HE 5 R [15]:
Q=Q0[a+bsij 1)

0

S AN Q yuki s HHE, T RIS H So AR SCHRIT Qo WIARYE L SRR A VL, J7vk WOCHR[17] [18].

TR B AR S O 048 565 3 s D45 R R PR AR SR H IR A 40 36, T s 535 a M1 b, 25
15 FH e B2 B A R Y e 280 RSl e, FARARE RSl s ) S 1 F R e, AU R AR A
AR 1957~2017 4 122 A H Rk 58] H RN Eos A R BH B4R A7 LA, 1957~2017 4 18 4
ST Sl S5 OK PH R S S A TR SR . 35 1 OSR]I S BEUME 5 S R 22 a0 A S 35 ARG 06 . &5 21
IR, 18 ANl ) K PR S 40000 1R 22 KR 73 /N T 15 MIIm?2, IR 2 KE 4/ T 15%, 35
B G RCRIAT,  RetB AR PH R A [RIHb X (R K BH S48 55

UEAN, K BH RS R AR R AR A ANE H AR AR AE R AP B gt AT 0 9, K PR G 5 1 SR AR AR AIE
H Mann-Kendall #5875, 1Z 7130 S RA T EFEAREN—E 0, X7 EAEUR. FIH Pearson A
SRR B8 6T K B 4 S 5 e [R5 K PR S A DGR R AT A 9 o

Table 1. Error analysis between simulated data and measured data

= 1 REBIES INERERIREDN

Bl AR R EU(r) SER A R 25 (MI/m?) ST HISTR 2 (%)
JiM 0.98"" 0.13 0.57
R 0.98"* 0.18 0.62
fEpan 0.97™ 0.16 0.58
VFEIL 0.97" 0.14 0.57
BT 0.96 0.16 0.59
Kl 0.96"" 0.17 0.53
1725} 0.95™* 0.17 0.63
H# 0.94™ 0.31 0.48
g 0.93™ 0.17 0.54
[TEpAN 0.93" 0.24 0.53
ZERAE, 0.9 0.20 0.48
BB 0.90" 0.19 0.52
AN 0.89™" 0.21 0.64
Uk JE L 0.87 0.20 0.61
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EF 0.86™ 0.22 0.58
[ 0.85™* 0.22 0.50
IEe) 0.82 0.20 0.59
Fi i 0.73™ 0.23 0.53
TE: TURIRAE 0.001 Kb G EAM.
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Figure 1. Interannual variation trend of solar radiation in Southwest China
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3.2. XIHSEHFH T

2 3R VH R Hh XK BH SR S FEAS [ 245 (AR B AR A i B bl PRI ] 15 78 i 3 X R 2 S R B AR AL ka4
ANEE, FETFERN-041 MI(m2-a), FEIMEN 1416.61 MI/m?2; B Z KM SRS N T B, @i
PEIKF o = 0.05 #2568, 4 FREFIZE-1.51 MI/(m?-a), “FHEA 1476.50 MIm?; FKZ= K PH o 58 S AR L e 35
ANEE, £ ETFEN+0.03 MI(m?2-a), “FHIME N 1060.49 MI/m?; XZ= KA MRS AR R, 41
TH31E+0.48 MI/(m?-a), “FI5{E A 861.83 MI/m?2. HHSCHIF FE KW, B ZR K PHAR 5 X A BH Al e i i) s ke =
BAER, (RIS oK BH US4 S R AR B A8 At 2 B 28 OK PR A S ke £ AR I [18], 456 bS04 # vl DAAS 21 7 m b [X
RSy N ISP N SURT TR A o G N R
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Figure 2. Interannual variation trends of solar radiation in Southwest China during (a) Spring, (b) Summer, (c) Autumn, and
(d) Winter
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Figure 3. Month-to-month variation of solar radiation in Southwest China
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3.4. M-K Z8Z5 534

4 RIRFRPHFES M-K RAZKTES . 1996 4FLART, UF #hZ/NT- 0, 7E 1965~1967 4FAlI 1971~1987
ERREEARE; 1996 ELUS, UF IZE KT 0, FIHEBAEE. Sa a0 CmEEIa 58T, B4~
Fetath. KT o = 0.05, IABEXEA[-1.96, 1.96], Kl 4 4 UF fiZkf1 UB HiZk s 1 58
A XA s IAE BAF X (), IR PHEAR S FE 1995 4 IR AR,  SEAR R A A H e 4 5 B 284 S5 11
K BH S 4 53 k) 68.66 MJ/m?.
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Figure 4. Annual solar radiation Mann-Kendall test in Southwest China
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Figure 5. Spatial distribution of annual solar radiation in Southwest China
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K 6 b rg X K PSR HE H 0 90 Ah. 3 H 4 A+ 5 H P RBAGESHME > 52 427.17 MI/m?2,
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MJ/m?2, 507.73 MJ/m?2. P 5k it s S S/ Ea s, DU )1 PG AL S R IR S s KRS, DY) ZR3, &
PR~ 2B i MR 73t X P35 4m i 2 S s K5 e AR . 9 F L 10 A\ 11 A PR FHERSHE 5>
Sl 411.78 MJ/m2. 354.73 MJ/m?, 302.59 MJ/m?, ARSI AT LT 3~5 A2l Fi. A
MHXAE 9~11 H (PR PSR S SIS . 12 A, WRE 1 AR 2 B P KPR SBHE 2 5 /2 275.50
MJ/m?2, 285.60 MJ/m?, 312.59 MJ/m?. FHerr, FBFE. DU )1 PG50 2 B O 7 v X R S AR >, KT
RS R I . PURGHLIXTE 12 H 2K 2 A K973 K BHAR S 23 .
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Figure 6. Spatial distribution of monthly solar radiation in Southwest China. (a) March; (b) April; (c) May; (d) June; (e) July;
(f) August; (g) September; (h) October; (i) November; (j) December; (k) January; (1) February
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Table 2. Results of correlation between influencing factors of solar radiation and solar total radiation
= 2. N XPAFESEF SRR EHEX SR

H 518 b HE HZ €= AZ
K BAHR S (MIIm?) 13.18 15.40 16.04 11.65 9.32
B (%) 63.93 63.80 76.04 63.41 53.00
iEPRER() -0.42™ -0.38" -0.69" -0.70" -0.40"
fE WL (m) 20955.70 21035.16 22697.23 20758.64 19706.51
LEPSEX()) 0.23 0.18 0.37™ 0.01 -0.03
R RKAUKIRE E(cm) 6.48 4.42 12.94 6.84 1.89
iEPREH() -0.28" -0.28" -0.32" -0.02 -0.15
TE: TFORAE 0.05 KU RFEMDE, THRIRAE 0.01 KU T2 A K
4. FELHR
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